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6R UHVHDUFK RQ K\GURJHQ LQGXFHG GHJUDGDWLRQ LV QHFHVVDU\ IRU UHGXFLQJ WKH ULVN RI IDLOXUH RI VXFK HTXLSPHQW
+RZHYHUWKHPHFKDQLVPGHWDLOVRIK\GURJHQLQGXFHGGHJUDGDWLRQDUHVWLOODPELJXRXVXSWRQRZGXHWRDEVHQFHRI
HIIHFWLYHPDWHULDOWHVWLQJDSSDUDWXV




















$QRWKHU VLPSOHPHWKRG IRUPDWHULDO WHVWLQJ LQK\GURJHQ LV WR VHDO WKH VSHFLPHQ LQVLGHD VPDOOSUHVVXUHYHVVHO





IRUFHV WKDW DFW LQ WZR RI WKUHH SULQFLSDO GLUHFWLRQV DIIHFWV WKH WHQVLOH ORDG RQ VSHFLPHQ WRR )XUWKHUPRUH
PHDVXUHPHQW RQ HORQJDWLRQRI JDXJH OHQJWK LQ VSHFLPHQ DQGKHDWLQJ WKH VSHFLPHQ DUH DOPRVW LPSRVVLEOH GXH WR
VWUXFWXUHOLPLW
0RXQWLQJ VWDQGDUG VSHFLPHQ LQVLGHSUHVVXUH YHVVHO RU HQYLURQPHQW FKDPEHU LV WKHPRVW XQLYHUVDOPHWKRG IRU
PDWHULDO WHVWLQJ LQ K\GURJHQ DW SUHVHQW 7KHUH DUH WZR W\SHV RI DSSDUDWXV FRUUHVSRQGLQJO\ DFFRUGLQJ WR GLIIHUHQW
ORDGLQJV\VWHPV2QHLVLQWHUQDOORDGLQJV\VWHPZKLFKXVLQJSUHVVXUHJDVDVGULYLQJIRUFHDQGDQRWKHULVH[WHUQDO
ORDGLQJV\VWHPZKLFKXVLQJH[WHUQDOORDGLQJV\VWHPXVXDOO\PRWRUGULYHV\VWHPDVGULYLQJIRUFH











7KH SUHVVXUH LQ WKH ORZHU URRP XQGHU WKH SLVWRQ LV LQFUHDVHG DW D JLYHQ VSHFLILHG UDWH RI 03DKRXU DQG WKH
SUHVVXUH LQ WKHXSSHU URRPDERYH WKHSLVWRQ LV DOVR LQFUHDVHGZKHQ WKHGLVSODFHPHQWRI WKH VSHFLPHQ LV ]HURE\
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FRQWUROOLQJ WKH IORZ FRQWURO YDOYHV GXULQJ WKH SUHSDUDWLRQ IRU WHQVLOH WHVWLQJ 7KH SUHVVXUH LQ WKH ORZHU URRP LV









)RU H[WHUQDO ORDGLQJ V\VWHP WKH DSSDUDWXV FRQVLVWV RI D SUHVVXUH YHVVHO ZLWK FRQYHQWLRQDO PDWHULDOV WHVWLQJ
HTXLSPHQWZKHUHWKHVSHFLPHQLVORDGHGLQWKHSUHVVXUHYHVVHODQGDSXOOURGWKURXJKZKLFKWKHSUHVVXUHYHVVHOLV




WKHPRYHPHQW RI WKH SXOO URG >@ )XNX\DPD 6 ,PDGH0 DQG / =KDQJ HW DO >@ GHYHORS D QHZ DSSDUDWXV
ZLWKRXW WKH LQIOXHQFHRI WKHFRPSUHVVLYH ORDGDQGIULFWLRQ$FRXQWHUFKDPEHU PDUNHG M LQ)LJZLWKDSLVWRQ




ZLWK D FRPSUHVVLYH ORDG FDXVHG E\ WKH VDPH SUHVVXUH LQ WKH FRXQWHU FKDPEHU ,W LV WKH VPDOO JDS OHDYHG E\ WKH
ED\RQHW HQGRI WKH VSHFLPHQ IURP WKH VRFNHW PDUNHG K LQ )LJ  WKDWPDNH WKH IULFWLRQ WR EHPHDVXUHGEHIRUH
DSSO\LQJWHQVLOHORDGRQWKHVSHFLPHQ>@7KHQWKHIULFWLRQFDQEHHOLPLQDWHGDQGWKHDFWXDOORDGRQVSHFLPHQFDQ
EHREWDLQHG8QIRUWXQDWHO\WKHDSSDUDWXVFDQRQO\EHXVHGIRUWHQVLOHORDGMXVWEHFDXVHRILWVVSHFLILFVWUXFWXUH
$ QHZ DSSDUDWXV LV GHYHORSHGZLWK QHZ EDODQFHPHWKRG WR D[LDO ORDG FDXVHG E\ WKH KLJK SUHVVXUH LQVLGH WKH
SUHVVXUHYHVVHODQGWKHLQIOXHQFHLVHOLPLQDWHGE\XVLQJLQWHUQDOORDGFHOODVVKRZQLQ)LJ>@7KHGLDPHWHUVRI
EDODQFH URG DQG SXOO URG DUH GHVLJQHG WR EH HTXDO WR HDFK RWKHU 7KH FRPSUHVVLYH ORDG RQ SXOO URG GXH WR KLJK
SUHVVXUHJDV LV WUDQVIHUUHG WREDODQFH URG WKURXJK WKH ORDG WUDQVIHU OLQNZKLFK FRPSHQVDWH WKH FRPSUHVVLYH ORDG
FDXVHGE\KLJKSUHVVXUHJDVDSSO\LQJRQVSHFLPHQDQGLQWHUQDOORDGFHOO7KHDFWXDOORDGDSSOLHGRQVSHFLPHQFDQ
EHPHDVXUHGGLUHFWO\ZLWKRXWLQIOXHQFHE\IULFWLRQEHFDXVHWKHLQWHUQDOORDGFHOOLVFRQQHFWHGWRVSHFLPHQGLUHFWO\








DQ\ K\GURJHQ UHOHDVHG IURP WKH YHVVHO$W HOHYDWHG WHPSHUDWXUHV2ULQJVPDWHULDOV IRU WKH VOLGLQJ VHDOV WHQG WR




DWHOHYDWHG WHPSHUDWXUHXS WR.E\DQ LQWHUQDOHOHFWULFKHDWHU PDUNHGDV( LQ)LJDV VKRZQ LQ)LJ >@
$QRWKHUDSSDUDWXVSURSRVHGE\:DGDHWDO>@DVVKRZQLQ)LJQRWRQO\FDQEHXVHGDWHOHYDWHGWHPSHUDWXUHXS
WRćEXWDOVRFDQEHXVHGDWORZWHPSHUDWXUHGRZQWRćWKURXJKWKHH[WHUQDOKHDWHUFRROHU
+RZHYHU QR DSSDUDWXV LV GHYHORSHG IRU ERWK VWDWLF DQG G\QDPLF PDWHULDO WHVWLQJ LQ K\GURJHQ DW HOHYDWHG
WHPSHUDWXUH+HQFH D QHZ DSSDUDWXV LV GHYHORSHG LQ WKLV VWXG\ZKLFK FDQ EH XVHG IRU FUHHS WHVWLQJ HQGXUDQFH
WHVWLQJDQGIDWLJXHWHVWLQJLQK\GURJHQDWHOHYDWHGWHPSHUDWXUHIURPćWRć
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7KHURWDWLRQRI WKHVHUYRPRWRU LVFKDQJHG WR WHQVLOH IRUFHDQGHORQJDWLRQRI WKHVSHFLPHQWKURXJKZRUPJHDU
UHGXFHUEDOOVFUHZDQGSXOOURGILQDOO\$ORDGFHOOLVXVHGWRPHDVXUHWKHWHQVLOHIRUFHDQGDJUDWLQJGLVSODFHPHQW
WUDQVGXFHU LV XVHG WRPHDVXUH WKH HORQJDWLRQ$ IXUQDFH LVPRXQWHG LQVLGH RI WKH SUHVVXUH YHVVHO IRU KHDWLQJ WKH
VSHFLPHQ7ZRWKHUPRFRXSOHVDUHXVHGWRPHDVXUHWHPSHUDWXUHRIVSHFLPHQ$ZDWHUFRROLQJV\VWHPLVXVHGWRFRRO
WKHVKHOORISUHVVXUHYHVVHODQGWKHVOLGLQJVHDOQRWVKRZQLQ)LJ$SUHVVXUHYHVVHOLVXVHGWRIRUPK\GURJHQ






+HDW ZLOO EH JRW WRJHWKHU DW XSVLGH RI WKH VSHFLPHQ GXH WR QDUURZ VSDFH ZKLFK LQGXFHV WKDW WKH XSVLGH
WHPSHUDWXUHRI WKH VSHFLPHQ LVPXFKKLJKHU WKDQ WKHGRZQVLGH ,QRUGHU WR HQVXUH WKH WHPSHUDWXUHXQLIRUPLW\RI
VSHFLPHQWKHUHVLVWDQFHIXUQDFHPRXQWHGLQVLGHRIWKHSUHVVXUHYHVVHOFRQVLVWVRIWZRVHJPHQWVXSSHUKHDWHUDQG
ORZHU KHDWHU VKRZQ LQ)LJ 7KH XSSHU KHDWHU DQG ORZHU KHDWHU DUH FRQWUROOHG VHSDUDWHO\7ZR WKHUPRFRXSOHV
WKHUPRFRXJSOH DQG WKHUPRFRXSOH LQ)LJ DUHXVHG WRPHDVXUHXSSHU DQG ORZHU WHPSHUDWXUHRI VSHFLPHQ
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7KHPHDVXUHPHQW DFFXUDF\ RI VSHFLPHQ ORDGZLOO EH DIIHFWHG E\ WKH IULFWLRQ FDXVHG E\ WKH VOLGLQJ VHDOZKHQ
XVLQJH[WHUQDOORDGFHOODVVKRZQLQ)LJD,WLVHDV\WRJHWWKDW
L ws s fF F F     
ZLWKPRXQWHGVSHFLPHQ6LPLODUO\ZLWKRXWPRXQWHGVSHFLPHQ
L ns fF F    
ZKHUHLV sF WKHVSHFLPHQORDG fF LVWKHIULFWLRQFDXVHGE\WKHVOLGLQJVHDOV L wsF  DQG L nsF  LVWKHORDGPHDVXUHG
E\ORDGFHOOZLWKDQGZLWKRXWVSHFLPHQUHVSHFWLYHO\
(TXDWLRQPHDQVWKDWWKHIULFWLRQFDQEHPHDVXUHGE\WKHORDGFHOOZLWKRXWPRXQWLQJVSHFLPHQ7KHIULFWLRQ
FDXVHG E\ WKH VOLGLQJ VHDOV LV PHDVXUHGZLKRXWPRXQWLQJ VSHFLPHQ DW WKH VDPH FRQGLWLRQ DVPDWHULDO WHVWLQJ LQ
DGYDQFH7KHQVSHFLPHQORDGFDQEHREWDLQHGE\VXEWUDFWLQJWKHILUFLWRQIURPWKHORDGPHDVXUHGE\ORDGFHOO7KLV
FDQEHYHUWLILHGE\UDPSDQGVLQXVRLGORDGWHVWH[SHULPHQWDVVKRZQLQ)LJDQG)LJZKHUH wsC DQG nsC LV
WKHORDGFXUYHPHDVXUHGE\WKHORDGFHOOZLWKDQGZLWKRXWPRXQWLQJVSHFLPHQUHVSHFWLYHO\ sC LVWKHVSHFLPHQORDG












/RWV RI PDWHULDO WHVWLQJ DSSDUDWXV LQ K\GURJHQ ZHUH GHYHORSHG IHZ FDQ EH XVHG DW HOHYDWHG WHPSHUDWXUH
HVSHFLDOO\IRUERWKVWDWLFDQGG\QDPLFWHVWLQJ
$ QHZPDWHULDO WHVWLQJ DSSDUDWXV LQ K\GURJHQ DW HOHYDWHG WHPSHUDWXUH IURP ć WR ć ZDV GHYHORSHG
ZKLFKFDQEHXVHGIRUERWKVWDWLFDQGG\QDPLFWHVWLQJVXFKDVFUHHSWHVWLQJHQGXUDQFHWHVWLQJIDWLJXHWHVWLQJDQGVR
RQ ([WHUQDO ORDG V\VWHP LQWHUQDO IXUQDFH DQG SUHVVXUH YHVVHO ZHUH HPSOR\HG IRU ORDGLQJ KHDWLQJ DQG IRUPLQJ
K\GURJHQ HQYLURQPHQW UHVSHFWLYHO\ 7ZR VHJPHQWV UHVLVWDQFH IXUQDFH DQG )X]]\3,' FRQWURO DOJRULWKP DUH
HPSOR\HGWRHQVXUHWKHWHPSHUDWXUHXQLIRUPLW\RIVSHFLPHQ$QH[WHUQDOORDGFHOOZDVXVHGWRPHDVXUHWKHORDGRQ
VSHFLPHQ7KHPHDVXUHPHQWDFFXUDF\RIVSHFLPHQORDGZDVHQKDQFHGE\FRQVLGHUDWLQJWKHIULFWLRQDVYDULDEOH
7KH QHZ PDWHULDO WHVWLQJ DSSDUDWXV SURYLGH DYDLODEOH HTXLSPHQW IRU UHVHDUFKLQJ WKH PHFKDQLVP GHWDLOV RI
K\GURJHQLQGXFHGGHJUDGDWLRQ
$FNQRZOHGJHPHQWV
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>@ 0DQDEH < DQG < 0L\DVKLWD 'HYHORSPHQW RI 03D FODVV KLJK K\GURJHQ SUHVVXUH WHVWLQJ HTXLSPHQW 5 DQG ' 5HVHDUFK DQG
'HYHORSPHQW.REH6WHHO(QJLQHHULQJ5HSRUWV
>@ :DGD<HWDO(YDOXDWLRQRIPHWDOPDWHULDOVIRUK\GURJHQIXHOVWDWLRQVLQ3URFHHGLQJVRI,QWHUQDWLRQDO&RQIHUHQFHRQ+\GURJHQ6DIHW\
3LVD
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